Objectives: To compare effects on plasma total-, LDL-, and HDL-cholesterol concentrations of margarines enriched with different vegetable oil sterols or sitostanol-ester. Design: A randomized double-blind placebo-controlled balanced incomplete Latin square design with ®ve treatments and four periods of 3.5 weeks. Margarines enriched with sterols from soybean, sheanut or ricebran oil or with sitostanol-ester were compared to a non-enriched control margarine. Sterol intake was between 1.5 ± 3.3 gad. Two thirds of the soybean oil sterols were esteri®ed to fatty acids. Setting: Unilever Research Laboratory, Vlaardingen, The Netherlands. Subjects: One hundred healthy non-obese normocholesterolaemic and mildly hypercholesterolaemic volunteers aged 45 AE 12.8 y, with plasma total cholesterol levels below 8 mmolaL at entry. Main outcome measures: Plasma lipid, carotenoid and sterol concentrations, blood clinical chemistry and haematology, fatty acid composition of plasma cholesterylesters and food intake. Results: Ninety-®ve volunteers completed the study. None of the margarines induced adverse changes in blood clinical chemistry, serum total bile acids or haematology. Plasma total-and LDL-cholesterol concentrations were signi®cantly reduced by 8 ± 13% (0.37 ± 0.44 mmolaL) compared to control for margarines enriched in soybean oil sterol-esters or sitostanol-ester. No effect on HDL-cholesterol concentrations occurred. The LDL-to HDLcholesterol ratio was reduced by 0.37 and 0.33 units for these margarines, respectively. Effects on blood lipids did not differ between normocholesterolaemic and mildly hypercholesterolaemic subjects. Plasma sitosterol and campesterol levels were signi®cantly higher for the soybean oil sterol margarine and signi®cantly lower for the sitostanol-ester margarine compared to control. Dietary intake was very similar across treatments. The fatty acid composition of plasma cholesterylesters con®rmed the good compliance to the treatment. All sterol enriched margarines reduced lipid-standardized plasma a-plus b-carotene levels. Plasma lycopene levels were also reduced but this effect was not signi®cant for all products. Conclusions: A margarine with sterol-esters from soybean oil, mainly esters from sitosterol, campesterol and stigmasterol, is as effective as a margarine with sitostanol-ester in lowering blood total-and LDL-cholesterol levels without affecting HDL-cholesterol concentrations. Incorporation in edible fat containing products of such substances may substantially reduce the risk of cardiovascular disease in the population. Sponsorship: Unilever Research.
Introduction
It is well established that linoleic acid lowers blood cholesterol concentrations compared to other more saturated types of fatty acids or carbohydrates (Keys et al, 1965; Mensink & Katan, 1992) . In addition to linoleic acid, other fat-soluble compounds may also lower blood cholesterol levels. Since the 1950s it has been known that plant sterols, or phytosterols, may reduce blood cholesterol levels (Pollak & Kritchevsky, 1981) . Plant sterols are naturally occurring plant compounds. The most important dietary sources are vegetable oils and vegetable oilbased products such as margarines. The most predominant plant sterols are sitosterol, campesterol and stigmasterol. Their intake is estimated to be under 500 mgad. Plant sterols have structural similarity to cholesterol, but are not synthesized by the human body. The exact mechanism for cholesterol lowering by plant sterols is not fully understood, but they appear to inhibit the uptake of dietary and biliary cholesterol from the gut (Ling & Jones, 1995) .
Recently Miettinen et al reported that long term consumption of a margarine with sitostanol-ester, derived by hydrogenation of sitosterol from pine tree woodpulp followed by esteri®cation of sitostanol to fatty acids, substantially reduced serum LDL-cholesterol concentrations in mildly hypercholesterolaemic subjects (Miettinen et al, 1995) . A much shorter trial in humans also showed ef®cacy of sitostanol-ester to lower blood cholesterol levels (Heinemann et al, 1986) . Miettinen et al suggested that substitution of sitostanol-ester margarine for a portion of normal dietary fat is suitable as a strategy to reduce plasma cholesterol levels in the population.
In nature plant sterols occur primarily in the unhydrogenated free form, which may in part be esteri®ed to fatty acids, sugar moieties or phenolic acids. Sterols with different chemical structures may vary in potential to reduce plasma cholesterol levels. The purpose of the present study was to assess in normocholesterolaemic and mildly hypercholesterolaemic subjects the ef®cacy to lower plasma total-and LDL-cholesterol concentrations of margarines enriched with sterols derived from various oils, namely soybean oil, ricebran oil or sheanut oil. We compared these margarines to a non-enriched margarine and a margarine forti®ed with sitostanol-ester, which has reported cholesterol lowering action (Miettinen et al, 1995) . Soybean oil contains sterols of the 4-desmethylsterol class, namely mainly sitosterol, campesterol and stigmasterol. These sterols were esteri®ed to fatty acids from sun¯ower-seed oil to enhance their solubility in margarine, but they were not hydrogenated as the sterols present in the margarine used by Miettinen et al, 1995 . The esteri®cation of the free sterols enabled us to incorporate relatively large amounts of sterols into the margarine without affecting its physical and sensory properties. Ricebran oil and sheanut oil contain methylated sterols of 4,4 H -dimethylsterol class, which may be in the free form or esteri®ed to phenolic acids or fatty acids. A number of studies have suggested that the reported cholesterol lowering action of ricebran oil could be due to its sterol content (Seetharamaiah & Chandrasekhara, 1989) . A study comparing the ef®cacy in humans of sterols derived from sheanut oil or ricebran oil added to margarines to lower blood cholesterol levels has not yet been performed.
We assessed the effects of margarine consumption on plasma lipids, routine blood chemistry and haematology, plasma a-plus b-carotene and lycopene levels to determine effects of sterols on the absorption of lipophilic nutrients, plasma phytosterol levels to obtain information on the bioavailability of the sterols, on the fatty acid composition of plasma cholesterylesters to validate the dietary intake assessment method and on habitual energy, total fat, fatty acid and cholesterol intake.
Subjects and methods

Subjects
We recruited the volunteers by advertisements in local newspapers and the weekly periodical of the laboratory. A total of 208 subjects expressed their interest in the study. A total of 141 volunteers met our eligibility criteria for a blood screening. Eligible subjects had not donated blood within one month prior to start of the study, reported to use spreads habitually, were willing to comply with the experimental procedures, did not or would not participate in another biomedical trial, were between 18 and 65 y of age, had body mass index between 19 and 30 kgam 2 , reported to be not on a slimming, medically prescribed, vegetarian or vegan diet, reported not to receive medical treatment or having a current disease or history of metabolic diseases, chronic gastrointestinal disorder, cardiovascular disease, high blood pressure or high blood cholesterol. Eligible subjects reported not to use medicines except analgesics or oral contraceptives. Eligible subjects reported intense exercise below 10 haweek and consumption of alcoholic beverages below 21 unitsaweek when female and below 28 unitsaweek when male. Females were in a reported non-pregnant or non-lactating state. Blood was sampled from 136 potential volunteers. Five subjects were excluded on the basis of blood lipid or haematological variable. For practical reasons 100 volunteers was the maximum for this study, we therefore excluded another thirty-one volunteers by lot. Volunteers had at entry plasma total cholesterol levels below 8 mmolaL and normal plasma activities of L-g-glutamyltransferase, alanine aminotransferase and aspartate aminotransferase. White blood cell, red blood cell and platelet counts, haemoglobin concentration and haematocrit were all within the normal range. Reported bowel frequency was at least once per 48 h. All volunteers gave their written informed consent for participation prior to the start of the study. Volunteers received 250 DFl after completion of the trial.
The volunteers were requested to retain their normal lifestyle and dietary pattern. During the whole study the volunteers answered repeatedly (12 times) a structured questionnaire on important deviations in lifestyle as well as on intercurrent illnesses and medicine use. After each period the questionnaire was collected and checked for completeness by the dieticians. Volunteers were not allowed to donate blood except for the study and simultaneous participation in another biomedical trial was prohibited.
Experimental design
The study had a randomized double-blind placebo-controlled balanced incomplete Latin square design with ®ve treatments and four periods. Subjects received in four consecutive periods of 24 or 25 d (3.5 weeks) 30 gad of a margarine in a coded tub for consumption at lunch and dinner. The spread was meant to replace the spreads habitually used by the volunteers. Five types of margarines were investigated. The statistician allocated each person to one of the treatments for each period such that the design was balanced. The tubs with margarine were labelled before the start of the trial with a blind code so that volunteers nor dieticians knew what products were consumed.
Fasting blood was sampled after 2.5 and 3.5 weeks. Body weight was measured after 3.5 weeks. In each period, dietary intake was assessed with a food frequency method. Compliance and health status, medicine use and deviations from the normal lifestyle were registered by questionnaire. A short run-in period of 5 d in which the volunteers familiarized themselves with the procedures preceded the actual trial. The study was designed to have a power of 90% with a con®dence of 95% to assess differences in total cholesterol levels between treatments of 3±5%, based on an expected average plasma total cholesterol concentration of 5 mmolaL and an expected within-person variation in plasma total cholesterol level of 0.35 mmolaL (Personal communication, P Zock, 1996 , Wageningen Agricultural University). The study set-up was approved by the Medical and Ethical Committee of Unilever Nederland BV.
Test and control margarines
The test margarines were specially prepared spreads (VandenBergh Foods, Pur¯eet, UK, and Unilever Research Laboratory, Vlaardingen, The Netherlands), packed in blinded tubs and labelled with a colour code for each period of 3.5 weeks. The margarines were forti®ed with phytosterol (-ester) concentrates derived from either predominantly soybean oil distillates (Henkel Corporation, LaGrange, USA), rice bran oil (Tsuno, Wakayama, Japan) or sheanut oil (Loders Croklaan, Wormerveer, The Netherlands) concentrates. The soybean oil sterols were esteri®ed with fatty acids from sun¯owerseed oil to an esteri®cation degree of 65% (Unilever Research Laboratory, Vlaardingen, The Netherlands). The ricebran oil sterols contained only sterols esteri®ed to ferulic acid (oryzanol). The sheanut oil sterols were a mixture of sterols esteri®ed to primarily cinnamic acid (69%), acetic acid (25%) and fatty acids (4%). The sterol concentrates were re®ned and used in spread production together with other edible oils and fats (sun¯owerseed oil, rapeseed oil and hardstock) in order to achieve a product as close as possible in fatty acid composition as the nonforti®ed control. Final free phytosterol concentration was between 5.5± 11% in the different products. For technical reasons we could not increase the level of sterols derived from ricebran oil to the level obtained for the shea and soybean products. We were also not able to match the fatty acid composition of the sheanut sterol spread exactly to the control spread as the sheanut oil sterol concentrate was not available in a suf®ciently high concentration. As control articles we used`Benecol' (Raisio Inc, Finland), which is forti®ed mainly with sitostanol-ester, and`Flora' (VandenBergh Foods, Crawley, UK), a spread not forti®ed with sterols. Total fat content, fatty acid composition, free sterols, carotenoids and tocopherol content of margarines were measured. For determination of the fat content samples of margarine were mixed with celite, cooled to 7 20 C and freeze-dried at 10 C. Fat was extracted with dichloromethane, after evaporation, the leftover was weighed. The triglyceride content was calculated by subtracting the total sterolasterolester content from the total fat content. The fatty acid composition was analysed by methanolysis of the fatty acids in a sample of margarine extracted with a methanolic NaOH solution using BF 3 as catalyst. The methyl esters were extracted with heptane and analysed with a gaschromatograph (Hewlett Packard, Amstelveen, The Netherlands) using a CP-Sil 88 column (Chrompack, Middelburg, The Netherlands). Analysis of sterol types was done by saponifying the margarine with KOH and extracting the unsaponi®able part into cyclohexane. Thin-®lm chromatography was used for separating the 4-desmethylsterol, the 4-monomethylsterol and the 4,4-dimethylsterol fractions with b-cholestane as internal standard. The fractions were extracted with a mix of chloroform, diethylether and ethanol. After silylizing with pyridine and BSTFA (N,O-bis(trimethylsilyl)tri¯uoroacetamide) this fraction was analysed gaschromatographically (Fisions Instruments, Milan, Italy) by means of a non-polar capillary column (CP-Sil 19 CB, Chrompack, Middelburg, The Netherlands) using¯ame ionisation as detection. a-Tocopherol was analysed by a straight-phase HPLC method. The sample of margarine was separated chromatographically (Separations, HI Ambacht, The Netherlands) on a HPLC silica column. Elution was carried out with 0.5% isopropyl alcohol in hexane at a¯ow rate of 1 mlamin. a-Tocopherol was detected by means of¯uorescence detection, excitation wavelength at 290 nm and emission wavelength at 330 nm (Hewlett Packard, Amstelveen, The Netherlands). For the carotenoid analysis a sample of margarine of about 100 mg was dissolved in 5 ml diethylether. One gram of waterfree sodiumcarbonate was added before vortexing. The mixture was centrifuged for 5 min at 2000 rpm. The extract was dried under nitrogen and dissolved in 1 ml of n-heptane containing the internal standard, ethyl-b-apo-8-carotenoate. The analysis was performed with an ET 200a8a4 nucleosil 5-N(CH 3 ) 2 column (Marchery & Nagel, Dueren, Germany). N-heptane was used as mobile phase at a¯ow rate of 0.5 mlamin and a column temperature of 15 C. Carotenoids were detected at 450 nm.
The homogeneity of sterols and their content in the margarines was analysed prior to the start by analysing and comparing samples taken at three different times during the spread production process. Coef®cients of variation in the content of the major sterols for these samples were generally less than 5%. This indicates a good homogeneity of Plant sterol-enriched margarines JA Weststrate and GW Meijer the sterols in the margarines (data not shown). The analysed margarine composition is given in Table 1 . Differences, as expected, occurred in sterol content. The sitostanol-ester product (Benecol) and the sheanut margarine contained more saturated and monounsaturated fatty acids and less linoleic acid than the other margarines. The sitostanol-ester product contained more a-linoleic acid than the other margarines. The margarines were tested for acceptability prior to the start of the study and during each period. The margarines were intended to replace an equivalent amount of the spread(s) habitually used by the volunteers, but they were not to be used for cooking or frying. Half of the amount of margarine was intended for consumption at lunch, the other half was for consumption at dinner, for example by melting the spread over vegetables or potatoes, rice etc, or by mixing the spread in a soup or by spreading the margarine on bread or toast eaten at dinner. Compliance was checked by the dieticians using regular telephone contacts with the volunteers, by weighing the total number of tubs before and after each experimental period, by interviewing the volunteers about their use of the margarines at the end of each 3.5 week period, by evaluation of a volunteer-completed questionnaire on the use of the spread and also from analysis of the fatty acid composition of plasma cholesterylesters. Volunteers recorded daily whether they had consumed all of the spread at particular meal times. Margarines were provided in lots of 30 tubs per period; volunteers were requested to store them in the refrigerator until use. At the end of each period remaining tubs were returned to the dieticians.
Blood lipids, routine blood chemistry and haematology At screening for the study and at 2.5 and 3.5 weeks in each period of the study blood was obtained by veinpuncture from an antecubital vein from volunteers that were at least 10 h in a fasting state. Plasma and serum were prepared by centrifuging blood for 10 min at 3000 g. All parameters were determined using commercial test kits on a Cobas Mira S analyser (Roche, Basle, Switzerland). Total cholesterol and total glycerol concentrations were determined by enzymatic methods after storage at 780 C. HDL-cholesterol was measured as described for total cholesterol after precipitation of VLDL-cholesterol and LDL-cholesterol with phosphotungstate and magnesium. LDL-cholesterol was calculated using the Friedewald formula (Friedewald et al, 1972) . Within-run coef®cient of variation for total cholesterol, HDL-cholesterol and total glycerol were below 2.5%.
We also performed routine blood chemistry in the 3.5 week blood samples to assess possible adverse effects of spread consumption. In plasma, using commercial testkits, GGT (L-g-glutamyltransferase, EC 2.3.2.2), ALT (alanine aminotransferase, EC 2.6.1.2) and AST (aspartate aminotransferase, EC 2.6.1.1) were determined. ALP (alkaline phosphatase, EC 3.1.3.1) activity was measured in serum. Plasma albumin, glucose, urea and creatinine were also determined using commercial testkits. In serum we measured total bile acids using an enzymatic spectrophotometric 3a-hydroxy bile acid assay (Enzabile, Nycomed Pharma Oslo, Norway).
Haemoglobin concentration, white blood cell count, red blood cell count, platelet count and calculation of haematocrit were performed using a Sysmex microcell F-800 bloodcell counter (Toa Medical Electronics Co. Ltd., Kobe, Japan).
Plasma sterols, fatty acids of cholesterylesters and carotenoids Plasma sterolesters were saponi®ed with alkali and then extracted with n-heptane, 5-a-cholestane was added as internal standard. The extract was dried and the residue was silylated for analysis with gas chromatography. The analysis was performed in a random half of the samples for individuals that had consumed Flora, the soybean oil sterol margarine and the sitostanol-ester margarine (n 29).
Fatty acids from plasma cholesterylesters were analysed in plasma obtained during the ®rst seven weeks of the trial, namely in 50% of all samples. Lipid was extracted from plasma into dichloromethane (Sundler R et al, 1974) . After removing the dichloromethane the mixture was dissolved into hexane:diethylether. The mixture was applied on a prepared silicacartridge and eluted with n-heptane:diethylether. Fatty acids were transesteri®ed using methanol and acetyl chloride before gas chromatography.
Carotenoids were determined only in the 3.5 week blood samples after storage at 780 C. Carotenoids were measured to assess potential impact of the sterol containing spread on the absorption of lipophillic dietary compounds. From previous studies we knew that b-carotene and lycopene were more sensitive parameters than vitamin E to assess the impact of a largely non-absorbable lipophillic food component on the absorption of lipophillic dietary compounds (Weststrate & van het Hof, 1995) . Plasma was extracted with n-heptane for determination of carotenoids. Ethyl-b-apo-8
H -carotenoate was used as an internal standard. A normal phase Nucleosil 5N (CH 3 ) 2 column (Machery & Nagel, Dueren, Germany) was used with a¯ow of 1.4 mlamin using n-heptaneachloroforma2-propanol (1000a15a1.5 vav) as an eluent. Carotenoids were detected at 450 nm as previously described (Weststrate & van het Hof, 1995) . a-b-Carotene and lycopene concentrations were quanti®ed. Plasma carotenoid concentrations were standardised for plasma lipid (total cholesterol and total glycerol) levels as previously described (Weststrate & van het Hof, 1995) , because some sterol enriched margarines signi®cantly affected blood lipoprotein (carriers in the plasma of carotenoids) concentrations.
Dietary intake
Dietary intake was assessed by a modi®cation of the Valivet method (Nutri-AKT, Rhenoy, The Netherlands). This method has been developed and validated by the Department of Human Nutrition of the Wageningen Agricultural University (Feunekes et al, 1993) . The method is a food frequency method with 104 items speci®cally aimed at estimating fat intake. We modi®ed the method for our purposes. Most importantly the number of margarines and oils was extended to cover the variation found in the study and we substituted more recent analytical data of fat composition of a variety of products for older data in the food composition database. Subjects received the method after 2.5 weeks in each 3.5 weeks period and answered the questions at the last day of each period. The dieticians then checked the questionnaires for completeness.
Statistical evaluation of treatment Differences in plasma variables between treatments were evaluated by analysis of variance using the following model: response gender, subject (within gender), period, diet, carry-over, diet x gender as factors. For blood lipids we included a factor time (2.5 weeks and 3.5 weeks) as repeated measures. The carry-over effect was removed Plant sterol-enriched margarines JA Weststrate and GW Meijer from the model as it was not signi®cant. When the interaction between gender and diet was signi®cant (only for carotenes), the analysis was performed for males and females, separately. When this interaction term was not signi®cant it was removed from the model. Blood lipid and carotenoid data were lognormalized before analysis. Differences between treatments were assessed using the Tukey's multiple comparison test (Miller, 1981) . Tukey's test adjusts the P-value for all possible comparisons. A Pvalue of 0.05 was considered signi®cant. The presented means are least squares means. The means with 95% con®dence interval of the log transformed data are back transformed to the original scale in order to facilitate interpretation. Back transformation of the con®dence interval of difference between treatments of the log transformed data results in a minimum signi®cant ratio, which can be expressed as a percentage (see last column in Tables 2, 3 and 4). For reasons of comparison the untransformed data, namely on dietary intake and fatty acid composition of serum cholesterylesters, is presented in a similar way. For untransformed data the minimum signi®cant difference is an absolute value (see last column, Tables 5 and 6 ). The con®dence interval of a difference between treatments is then equal to the difference between these treatments AE the minimun signi®cant difference. SAS version 6.12 was used for the analysis (Statistical Analysis System Institute, 1987) . Descriptive statistics are given as mean AE s.d. unless indicated otherwise.
Results
General
The study started as intended with 100 adult volunteers, 50 males and 50 females, with a mean age of 45 AE 12.8 y and a mean body mass index of 24.2 AE 2.16 kg m 72 . Baseline total-, LDL-and HDL-cholesterol levels were 5.35 AE 1.06, 3.54 AE 0.97 and 1.26 AE 0.35 mmolaL, respectively. There were four dropouts in the ®rst 3.5 weeks due to illnesses and associated medicine use not related to the treatment, one volunteer was withdrawn in the third period because of a reported pregnant state. Body weight did not differ signi®cantly between the various treatments. Average weight varied in men from 82.2 kg for the sheanut sterol spread to 82.5 kg for the ricebran sterol spread and in women from 66.7 kg for Flora to 66.8 kg for the sitostanolester margarine (Benecol) and the ricebran sterol product. During the study no changes were reported in the type of diet consumed. There were only minor changes reported in lifestyle: between 1 and 3 subjects reported changes in smoking behaviour and between 5 and 12 subjects reported changes in physical activity (more or less exercise) during a given treatment period. There was no treatment-related effect on routine blood chemistry, serum total bile acids and complete blood counts (data not shown). Serum total bile acids were 3.04, 3.37, 3.08, 3.01 and 3.71 mmolaL for control, sitostanol-ester, soybean oil sterol, ricebran sterol and sheanut sterol margarines, respectively, with a minimum signi®cant difference between treatments of 0.85 mmolaL.
Compliance with the treatment was excellent. Average spread consumption varied between a minimum of 29.8 gad for the ricebran sterol spread to a maximum of 30.4 gad for the sheanut sterol spread with coef®cients of variation varying between 3.3 (Flora) to 4.4% for the sitostanol-ester margarine. The percentage of days on which not all of a spread was eaten was 0.6% for the sitostanol ester margarine, 0.6% for the ricebran sterol spread, 0.7% for Flora, 1% for the sheanut sterol and 1.3% for the soybean sterol margarines. The very large majority of margarines were used as intended at lunch and dinner, overall for each product in more than 99.2% of all meal occurrences. Table 2 shows blood lipid data based on the average of the 2.5 and 3.5 week sampling results, including the minimal signi®cant difference with 95% con®dence. There was no signi®cant difference in plasma total cholesterol concentrations between 2.5 and 3.5 weeks, however, plasma total glycerol, LDL-and HDL-cholesterol concentrations at 2.5 weeks differed signi®cantly from the concentrations at 3.5 weeks (data not shown). On average HDL-cholesterol and triglycerides were slightly higher after 2.5 weeks compared to 3.5 weeks, in contrast to LDL-cholesterol concentrations. These differences were, however, very small and not affected by the treatment. Therefore in the analyses the mean of the 2.5 and 3.5 weeks results is used. There was a signi®cant period effect for LDL-, HDL-cholesterol and total glycerol concentrations. Generally the mean concentrations increased slightly during the trial. This effect was in particular present for the 2.5 week values. Also this period effect was not interacting with treatment. Benecol (sitostanol-ester) and the soybean spread signi®cantly lowered total-and LDL-cholesterol concentrations by about 0.37± 0.44 mmolaL compared to Flora without an effect on HDL-cholesterol level. Consequently the total-or LDLcholesterol to HDL-cholesterol ratio was signi®cantly reduced for Benecol and the soybean sterol product. The sheanut or ricebran sterol margarines did not differ in blood lipids compared to Flora. Total glycerol levels were not affected by the treatment. There was no signi®-cant difference between males and females in treatment effect. Table 3 shows the treatment effects for tertiles based on the study entry values for total-or LDL-cholesterol concentrations. It is clear that responses expressed in percentage change compared to Flora are very similar in the mildly hypercholesterolaemic subjects, that is, in those with a high starting plasma total-or LDL-cholesterol level and the normocholesterolaemic subjects, that is, those with lower starting total-or LDL-cholesterol concentrations. Table 4 shows blood carotenoid levels after 3.5 weeks on treatment or control, as measured and after standardisation for concentrations of plasma lipids. There was a signi®cant period effect, plasma a-b-carotene levels decreased from a concentration of 220 mgaL in the ®rst period to 168 mgaL in the fourth period. Similarly plasma lycopene concentrations decreased from 85 mgaL±63 mgaL. This period effect was not affected by treatment. All sterol forti®ed margarines caused a lowering of blood carotenoid levels, but the decrease in lycopene concentration was not signi®cant for the ricebran sterol product. The decreases were greatest for the sheanut margarine. Lipid standardisation of the carotenoid concentrations diminished the lowering effect of Benecol and the soybean product with the decrease in lycopene not being statistically signi®cant any longer for the soybean oil sterol margarine. There was an interaction between treatment and gender. The effect on a-plus b-carotene levels differed between Plant sterol-enriched margarines JA Weststrate and GW Meijer Containing sitostanol-ester.
Plasma lipids
Plasma carotenoids
Plant sterol-enriched margarines JA Weststrate and GW Meijer males and females for Benecol (higher reduction for males) and the soybean spread (higher reduction for females) (data not shown).
Plasma plant sterols
Stigmasterol or stanols were not detectable in plasma. Sitosterol levels were signi®cantly lower for the sitostanol-ester margarine compared to the soybean oil spread and Flora, namely 2.1 mgaL (sitostanol ester) vs 4.6 mgaL (soybean) and 3.3 mgaL (Flora). Campesterol levels were also lower, but only the difference with the soybean oil product was signi®cant. Levels were 5.8 mgaL (sitostanol), 12.1 mgaL (soybean) and 7 mgaL (Flora). Sitosterol and campesterol levels were signi®cantly higher for the soybean product compared to Flora.
Dietary intake
Food consumption data are given in Table 5 . These data include the contribution made to dietary intake by the margarines. On average, spread intake contributed slightly less than 8% to the total energy intake and about 18% to total fat intake. Energy intake, total fat intake (in percentage of energy intake) and dietary cholesterol intake did not differ signi®cantly among the treatments. There were a few small differences in the intake of fatty acids between the treatments. During consumption of the sheanut and sitostanol-ester margarines overall intake of saturated and monounsaturated fatty acids was higher and intake of polyunsaturated fatty acids (mostly linoleic acid) was lower than during consumption of the other margarines.
As the ®rst two margarines contained higher amounts of saturated and monounsaturated fatty acids than the other three products this difference con®rms what we expected to occur. Unsaturated fatty acid intake did not differ between Flora, the soybean and ricebran spreads. The intake of saturated fatty acids was slightly higher during Flora compared to the soybean spread. Energy, fat and cholesterol intake were higher for males than for females. However, gender did not interact with treatment.
Fatty acid composition of plasma cholesterylesters
The fatty acid composition of plasma cholesterylesters, indicated in Table 6 , supports the overall similarity in fatty acid intake between the various treatments. Table 6 also shows a lower content of linoleic acid in the plasma cholesterylesters for the sitostanol-ester and sheanut sterol products compared to the other margarines. In contrast, oleic acid content was higher. This is in agreement with the data obtained by the food frequency method.
Discussion
General
This study shows that in normocholesterolaemic and mildly hypercholesterolaemic healthy males and females a margarine enriched with soybean oil sterols, primarily esters of sitosterol, campesterol and stigmasterol, lowered plasma total-and LDL-cholesterol concentrations by 8 ±13%, respectively compared to a spread with a similar fatty acid content and composition but not enriched in sterols. This blood cholesterol lowering effect was present within 2.5 weeks after feeding. Margarines containing sheanut or ricebran oil sterols were not effective in lowering blood cholesterol concentrations compared to the control margar- Containing sitostanol-ester.
Plant sterol-enriched margarines JA Weststrate and GW Meijer ine. The fatty acid composition of the shea sterol margarine was less favourable with respect to blood cholesterol lowering compared to the fatty acid composition of the control margarine, suggesting that we may have underestimated the true cholesterol lowering action of the shea sterol margarine. We con®rmed the cholesterol lowering action reported by Miettinen et al (1995) of a spread enriched with sitostanol-ester. We did not observe an effect on plasma HDLcholesterol or triglyceride concentrations of the sterol enriched margarines. The ricebran oil and sheanut oil sterol margarines were not effective in lowering blood cholesterol levels. There are no reports in the peer-reviewed literature of human feeding studies with sheanut oil or ricebran oil sterols in normocholesterolaemic or mildly hypercholesterolaemic subjects, so the data of this study can not be compared to literature ®ndings. Our ®ndings for the ricebran oil margarine are in agreement with data of Lichtenstein et al, (1994) who fed volunteers in a well controlled design ricebran oil and did not observe a cholesterol lowering action compared to other feeding regimes with similar fatty acid intakes. There is, however, evidence from a well controlled study in nonhuman primates that rice bran oil can lower total-and LDLcholesterol without affecting HDL-concentrations (Nicolosi et al, 1991) . Further studies in humans are needed to validate claims on the cholesterol lowering action of rice bran oil or rice bran oil concentrates rich in sterols.
The ricebran and sheanut sterol margarines contained 4,4 H -dimethylsterols, esteri®ed primarily to, respectively ferulic acid and cinnamate and acetic acid, whereas the soybean oil product and Benecol contained fatty acid esters of either saturated or unsaturated 4-desmethylsterols. The structure of 4-desmethylsterols, sitostanol, sitosterol, stigmasterol and campesterol, is more similar to cholesterol than the structure of 4,4
H -dimethylsterols. This may offer more opportunity for effective competition with cholesterol for incorporation in mixed micelles, which is the supposed mechanism for the cholesterol lowering action of sterols (Ling & Jones, 1995) . The lower sterol content (for ricebran) and differences in fatty acid composition (for shea) may also have contributed to differences in effect between the ricebran and sheanut products on the one hand and the other sterol enriched margarines on the other hand. We estimate that we may have underestimated the LDLcholesterol lowering action of the sheanut margarine in comparison to the control product due to differences in fatty acid intake by a maximum of 0.10 mmolaL (Mensink & Katan, 1992) . This is close to the signi®cant difference compared to control that we could have detected with 95% con®dence.
We do not believe that differences in compliance can explain the observed variation in ef®cacy between the treatments. Compliance was excellent. Spread consumption was very close to the target dose of 30 gad and intake occurred nearly always at lunch and evening meal. Drop out rate was small and the number of volunteers consuming a given spread was very similar for all products.
Habitual intake of energy, dietary fat (as percent of energy intake) and cholesterol was not signi®cantly different between the margarines. The absence of difference in body weight between the treatments con®rms the similarity across treatments of energy intake and energy balance. Intake of fatty acids differed among margarines re¯ecting differences in fatty acid composition of margarines namely a lower linoleic acid and higher oleic acid and saturated fatty acid content of Benecol and the sheanut product compared to the other margarines.
The fatty acid composition of the plasma cholesterylesters re¯ects fatty acid intake over the last few weeks and is a good variable to assess compliance to dietary fat interventions (Zock et al, 1997) . We could support the reported differences in dietary intake of the various fatty acids with the data on fatty acid composition of plasma cholesterylesters. During consumption of the sitostanolester and sheanut product the level in plasma cholesterylesters of linoleic acid was lower, the level of oleic acid and a-linolenic acid (sitostanol-ester product only) was higher compared to consumption of the other margarines. These ®ndings corroborate our other measures of compliance and they underscore the validity of the method we used to estimate dietary intake. The differences in dietary fatty acid intake during consumption of the sitostanol-ester product may have caused a slight underestimation of the LDLcholesterol lowering effect of this product compared to Flora and the soybean spread. We estimate the maximum size of that effect to be negligible namely 0.03 mmolaL against Flora and 0.05 mmolaL against the soybean spread (Mensink & Katan, 1992) Food intake Overall the percentage of energy derived from fat was slightly higher than the average percentage of energy from fat in the Netherlands, which is about 38% (Voorlichtingsbureau voor de Voeding, 1993) . Habitual energy intake in the Netherlands of individuals aged between 22± 65 y is about 9.5 MJad. Energy intake in this study population was slightly higher indicating that it is very unlikely that energy or fat intake have been under reported by our study population.
Blood chemistry and haematology
We monitored blood chemistry and haematological variables and found no evidence for adverse effects of consumption of the sterol enriched spreads on plasma aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase and L-g-glutamyltransferase activities, serum total Plant sterol-enriched margarines JA Weststrate and GW Meijer bilirubin level and plasma total bile acids concentrations, nor on plasma levels of urea, creatinine, albumin or glucose. The levels of haematological variables indicated no adverse response of the blood to exposure of the margarines: white blood cell, red blood cell, platelet counts, haemoglobin concentration and haematocrit were all within normal range.
Plasma carotenoids
We observed that most sterol enriched margarines reduced unstandardised and lipid standardised plasma levels of the most lipophilic plasma carotenoids, a-b-carotene and lycopene. Carotenoid content in the sterol enriched spreads was not different from that in the control spread and will not have caused the differences in plasma concentrations. Carotenoids are a class of fat-soluble compounds that have antioxidant properties and occur naturally in vegetables and fruit (Gerster, 1993) . Our ®nding indicates that small quantities of plant sterols (about 3 gad), in particular of sheanut oil sterols, when eaten at lunch and dinner appear capable of effectively impeding the absorption in the gut of the carotenoids. Gyling et al also reported a lowering of plasma a-and b-carotene by sitostanol ester forti®ed margarine (Gylling et al, 1996) . In view of the evidence that carotenoids may have positive effects on health, decreases in lipid standardised plasma carotenoids by sterol enriched margarines should be minimized (Gerster, 1993; Sarma et al, 1994; Mayne, 1996) .
Plasma sterols
Plasma plant sterol levels indicated that sterols of the soybean product were absorbed and present in the systemic circulation. Sitosterol and campesterol were the only plant sterols detectable in plasma. We found very similar plasma plant sterol levels as reported in the literature (Ling & Jones, 1995) . Generally the levels were less than a few percent of the cholesterol levels, indicating a very low absorption or a rapid and effective hepatic extraction of absorbed sterols. Our data suggest that campesterol is better absorbed than sitosterol, con®rming previous literature reports (Heinemann et al, 1993) . Despite a slightly higher sitosterol and campesterol content in the sitostanol-ester product compared to non-forti®ed control spread, we observed signi®cantly lower plasma levels of these sterols after consumption of the sitostanol-ester margarine compared to Flora. This indicates that sitostanol-ester reduces the uptake in the human gut of these plant sterols. Miettinen et al also report that consumption of sitostanol ester margarine reduces plasma campesterol level (Miettinen et al, 1995) .
Blood lipid responses as a function of cholesterol levels at entry to the study We performed an analysis of total-and LDL-cholesterol responses to treatment as a function of baseline cholesterol levels. The Netherlands Heart Foundation considers individuals with total cholesterol levels between 6.5 and 8 mmolaL as hypercholesterolaemic. We did not ®nd a difference in response to treatment between individuals in the highest tertile of total cholesterol levels at entry to the study compared to individuals in the lowest tertile. The total cholesterol concentration in the highest tertile was at baseline on average 6.54 mmolaL, which is just beyond the borderline used in the Netherlands for classi®cation of hypercholesterolaemia, 6.5 mmolaL. The average total cholesterol level at entry in the lowest tertile was 4.16 mmolaL, which is regarded by the Netherlands Heart Foundation as a`desirable' blood cholesterol concentration. This study therefore shows that sterols have similar relative ef®cacy in lowering plasma total-and LDLcholesterol concentrations in (mildly) hypercholesterolaemic subjects as in normocholesterolaemic individuals.
Implications of cholesterol reduction by sterols for risk of coronary heart disease Our study shows that a margarine enriched in sterol-esters from soybean oil or with sitostanol ester is effective in lowering blood cholesterol levels. With a soybean oil sterol or sitostanol-ester intake of about 3 gad from 30 gad of spread, corresponding to about 8% of total energy intake in this population, an estimated 75 percentile of margarine intake in the Netherlands and the UK, total and LDLcholesterol levels and the total-to HDL-cholesterol ratio decreased 0.42 mmolaL and 0.35 units, respectively, compared to the linoleic-acid rich control margarine. Such reductions in total-and LDL-cholesterol concentrations would decrease coronary heart disease risk by about 40% at age 40 y and by about 15% at age 70 y (Law et al, 1994) or of nearly 20% overall when using the change in the ratio of LDL-or total cholesterol to HDL-cholesterol (Stampfer et al, 1991) . A recent controlled feeding study observed that a transfree linoleic-acid rich margarine, very similar to the control spread of this study, in a dose of 8% of energy, comparable as in the present study, reduced total-and LDL-cholesterol levels by 0.28 and 0.24 mmolaL, respectively compared to butter. The total-to HDL-cholesterol ratio was decreased by 0.16 compared to butter in this study (Baer et al, 1997 ; personal communication J. Judd, Beltsville Human Nutrition Research Centre, USA, 1997). Thus, in comparison to butter consumption of 30 gad of a Flora type margarine enriched with about 10% esteri®ed soybean oil sterols or a margarine with sitostanol ester would reduce risk for coronary heart disease by about 60% at age 40 y and by about 23% at age 70 y based on predicted effects on totalor LDL-cholesterol concentrations, or by nearly 30% based on a predicted change in the ratio of total-to HDLcholesterol. These are large effects which, on a population basis, would substantially contribute to the prevention of cardiovascular disease. It is at present unclear to what extent these positive effects would be negated by a concomitant lowering of plasma carotenoids.
Conclusions
This study shows that consumption of a margarine enriched with sterols from soybean oil, primarily fatty acid esters of sitosterol, campesterol and stigmasterol, is effective in lowering plasma total-and LDL-cholesterol levels in healthy adults. The cholesterol lowering effect is similar as that described for a margarine enriched with sitostanolester. The effect is present within 2.5 weeks of treatment suggesting no need for long term studies to assess ef®cacy. The percentual size of the effect is equal for normocholesterolaemic as for mildly hypercholesterolaemic subjects. There is no difference in effect between men and women. Routine screening on a number of clinical chemical and haematological variables indicated that the sterol or sitostanol enriched margarines did not have adverse effects of clinical importance. However, blood carotenoid levels were somewhat reduced. We conclude that incorporation into edible fat containing products of soybean oil sterol-esters or Plant sterol-enriched margarines JA Weststrate and GW Meijer sitostanol-ester can make a substantial contribution to the prevention of cardiovascular disease in the population. Further efforts are needed to determine the dose level for soybean oil sterol-esters and sitostanol-ester to obtain an effective reduction of plasma cholesterol level without a concomitant decrease in plasma carotenoid concentrations.
